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ABSTRACT 
SOME IMPLICATIONS OF POPULATION QUALITY AND DISPERSAL 
ABILITIES OF FIRST-INSTAR URVAE ON GYPSY MOTH 
CONTROL STRATEGIES 
(July 1976) 
John L, Capinera, B.A., Southern Connecticut State College 
M.S., Ph.D., University of Massachusetts 
Directed by: Assistant Professor Pedic Barbosa 
Populations of the gypsy moth, Porthetria dispar (L.), exhibit qualita¬ 
tive variation, and also respond qualitatively to several environmental 
factors. These qualitative differences contribute to numerical regulation 
of the species. 
Egg size is a principal index of quality. Larvae from large eggs disperse 
more frequently than larvae from small eggs when in the presence of favored 
food. The difference in frequency of dispersal is no longer significant in 
the absence of favored food. 
Ingestion of .sublethal dosages of nuclear polyhedrosis virus affects 
fecundity, but not development or egg size. Topical application of carbaryl 
does not. significantly affect development or egg mass characteristics. Larval 
crowding decreases the number of eggs produced but does not affect egg size. 
iv 
Rearing of larvae on different natural diets promotes significant differ¬ 
ences in egg number and size. 
Serological studies indicate that large eggs contain more yolk (vitello¬ 
genin) than small eggs. High temperatures induce the depletion of yolk at 
certain stages in development and may cause shifts in gypsy moth behavior 
and development. ' ’ 
Management of gypsy moth populations requires careful monitoring of 
population trends. Shifts in population quality may signal changes in 
population levels, and may provide valuable indices to aid planning and 
initiation of control procedures. 
y 
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I. ORGANIZATION OF THE DISSERTATION 
2 
The research reported here centers around egg size as an index of 
population quality. Population quality is acknowledged to affect the popula¬ 
tion dynamics of several insect species (see Introduction) and reportedly 
exerts major influences on the population dynamics of the gypsy moth, 
Porthetria dispar (L.). 
A key factor in gypsy moth population ecology is dispersal by first- 
instar larvae. The relationship of quality to dispersal characteristics is 
examined in a comparative study of dispersal by larvae from large and small 
eggs (see Manuscript I) . 
Components of the gypsy moth environment that could affect egg mass 
characteristics, and hence population quality, include: density, sublethal 
dosage of carbaryl and nuclear polyhedrosis virus, and diet. This is 
examined in Manuscripts II and III. 
Egg size is reportedly determined by yolk content. This is ascertained 
serologically (Manuscript IV). Also, the effect of high temperature on 
yolk depletion is examined, and the possible relationship to shifts in 
behavior and development.discussed. 
The pertinent literature is reviewed separately in each respective 
manuscript. Also, each manuscript contains a discussion of the results and 
the relationship of the results to the central theme of the dissertation. 
Serological techniques are contained in the appendix. Raw data and statis¬ 
tical analyses are on file and available for examination. 
II. INTRODUCTION 
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An understanding of natural regulation of insect 
populations greatly facilitates the prediction of numer¬ 
ical levels, and therefore control, of insect pests. How¬ 
ever, considerable controversy surrounds natural regulation 
of animal populations, and several schools of thought exist. 
Extrinsic regulation of populations is widely accepted, 
and biotic (Howard and Fiske 1911, Nicholson 1933, Smith 
1935), climatic (Uvarov 1931, Andrewartha and Birch 1954), 
or a combination of biotic and climatic factors (Thompson 
1929), are acknowledged to exert important influences on 
animal populations. Reconciliation of the opposing ideologies 
has been protracted and painful, but it is now generally con¬ 
ceded that in favorable, stable environments, density de¬ 
pendent factors (primarily biotic) exert the dominant in¬ 
fluences on population levels. In fluctuating, less suit¬ 
able environments, density dependent factors (primarily cli¬ 
matic) are more important. 
Another school of thought, however, maintains that 
variability among the individuals composing populations 
must be considered in evaluating changes in animal numbers. 
Proponents of intrinsic regulation maintain that some species 
can regulate their population without destroying their re¬ 
sources or requiring enemies or bad weather, but admit that 
not all populations are self-regulated. Variation among in¬ 
dividuals is either environmentally or genetically induced 
and is reflected by qualitative changes in physiology and 
5 
behavior (Chitty 1960, Pimentel 1961, Wynne-Edwards 1962, 
Way .1973) . 
Polymorphic species most readily demonstrate qualitative 
change in insect populations. Phase transformation in locusts, 
for example, results in a series of morphologically and bio¬ 
logically variable animals but the extreme, distinct forms 
are most striking and are termed phases (Uvarov 1961). Bio¬ 
types are another expression of population quality but are 
more difficult to recognize because the differences may be 
in biological function rather than morphological characters 
(Eastop 1973). Biotypes may be characterized by differences 
in life cycles, reaction to light, host plant preference, 
virus transmitting abilities, feeding behavior, or suscept¬ 
ibility to insecticides, as well as morphology or color. 
Eastop (1973) indicates that there is no fundamental differ¬ 
ence between recognizing an organism by its appearance or by 
its behavior as both morphology and behavior are a product 
of genetically initiated physiology modified by the environ¬ 
ment . 
Many researchers have discriminated differences in 
physiology and behavior of insects. Nakamura (1966) found 
that different activity-types could be discerned in the azuki 
bean weevil Callobruchus chinensis L. Activity-types were 
differentiated by response to light, and the number of eggs 
deposited by an active female was less than by a sluggish in¬ 
dividual. Temperature, larval density, and parent activity 
6 
contributed to activity of the female weevil C. maculatus F., 
the cowpea weevil, similarly demonstrated activity types when 
the larva was exposed to extreme photoperiods, high tempera¬ 
ture, crowding, or variable seed size (Utida 1954, Caswell 
1960, Nwanze and Horber 1975). Intraspecific variation has 
also been reported from (1) pheromones of sweat bees Lasio- 
• , . . -  
glossum zephyrum (Barrows et al. 1975), (2) response to 
pheromones and host odor, fat content, and flight ability 
of the bark beetles Ips paraconfusus Lanier and Dendroctonus 
pseudotsugae Hopkins (Borden 1964, Atkins 1966, 1969, Hagen 
and Atkins 1975), (3) photobehavioral differentiation in 
Drosophila spp. (Rockwell et al. 1975), (4) attractiveness 
of yellow-fever mosquito Aedes aegypti (L) to hosts (Khan 
et al. 1971), (5) expressivity of certain genotypes in the 
boll weevil Anthonomus grandis Boheman (McCoy 1975), (6) 
vigor in crawlers of the balsam woolly aphid, Adelges 
piceae (Ratz)(Edwards 1966), and (7) flight and reproductive 
abilities in Cicadulina spp. (Rose 1972). 
Thus, variability within populations is a common phe¬ 
nomenon. Qualitative differences are termed, heterogeneity, 
% 
vigor, intraspecific variation, phases, physiological plas¬ 
ticity, physiologic races, ecotypic variation, functional 
polymorphism, functional variation, subtypes, or biotypes. 
Change in the composition of populations is an intrinsic 
mechanism which enables a species to better cope with the 
variability of the environment, survive, and reproduce 
7 
(Birch 1971, Boltensweiler 1971). Variation in ecologically 
important characters causes striking differences in the rate 
at which population numbers build up (Wolda 1971). When eval¬ 
uating populations, one should determine not only the number 
of individuals present but also their quality, i.e., mean 
and variance of ecologically important characters. For ex¬ 
ample, Smith (1975) presented a formula for describing the 
effect of insect and host tree factors on resistance to attack 
by the western pine beetle, Dendroctonus brevicomls LeConte. 
He suggested that beetle quality be measured and used to 
gauge the potentials of a population. 
Population quality and the influence of population quality 
on insects is best documented in lepidopterons insects, es¬ 
pecially the western tent caterpillar Malacosoma ca'iifornicum 
pluviale (Dyar). Wellington (1957, 1959, 1960, 1964, 1965) 
found that a population of tent caterpillars is composed of 
several types of individuals that differ in their behavior, 
development, and viability. More vigorous individuals respond 
most effectively to environmental stimuli as soon as they hatch. 
Adults from vigorous larvae have the greatest flight capacity, 
and their progeny include higher percentages of vigorous individuals. 
The proportion of vigorous individuals in a colony affects survival, 
especially during inclement weather. Vigor also affects susceptibil¬ 
ity to disease (Wellington 1962),predation (Iwao and Wellington 1970a) 
and parasitism (Iwao and Wellington 1970b). Vigor in the western 
tent caterpillar is mainly-a nutritional product, and a humoral 
8 
imbalance is suspected to affect reproduction and therefore, 
population dynamics (Wellington and Maelzer 1967). 
Elements of population quality have also been reported 
in the lackey moth, Malacosoma neustria L. (Laux 1962,Franz 1965), 
the european pine shoot moth, Rhyacionia buoliana (Schiff) 
(Green 196 8) , the african armyworm, Spodoptera exempta Wlk. 
(Rose 1975), the gypsy moth, Porthetria dispar (L.) (Leonard 
% 
1968, 1969, 1970b, 1971, Likventov 1955), and the armyworm 
Lencania separata Walker (Iwao 1967). 
Leonard's investigations of gypsy moth quality (Leonard 
1968, 1969, 1970a&b, 1971) indicate that each female moth may 
* 
produce more than one type of offspring. Maternal influence 
is exerted by the size of the egg produced by the adult fe¬ 
male. Smaller eggs, thought to be deficient in yolk, are 
the last eggs produced by the female's ovaries. Small egg 
size may lead to larvae with a longer prefeeding stage, a 
longer first instar, prolonged total development time, extra 
instars, larger pupae, and potential for a higher fecundity. 
The amount of nutrients available for inclusion in eggs is a 
function of events which occurs in later instars. Thus, 
events in the previous generation may influence the quality 
of the next generation, and yet not be genetically based. 
Crowding, starvation, and cool temperatures also modify ex¬ 
pression of qualitative characteristics. 
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Although the gypsy moth has been a severe pest of 
forests in New England for nearly a century and has been 
studied extensively, the population biology of this insect 
is poorly known (Campbell 1973). A better understanding of 
population quality may facilitate the prediction of gypsy 
moth population dynamics and initiation of effective control 
measures. 
10 
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III. DISPERSAL OF FIRST"INSTAR GYPSY MOTH LARVAE 
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ABSTRACT 
Field studies of dispersal by first instar gypsy moth 
larvae indicate that almost all larvae undergo an initial 
dispersal episode. However, in laboratory studies large larvae 
(from large eggs) disperse more frequently than small larvae 
(from small eggs) in the presence of favored food. Large larvae 
may be better adapted for dispersal. When larvae encounter un¬ 
acceptable food or are denied food, larvae disperse more fre¬ 
quently and dispersal by small larvae is nearly as frequent as * 
dispersal by large larvae. Factors affecting egg size may con¬ 
tribute to shifts in dispersal patterns of gypsy moth larvae 
and distribution of populations. 
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Wellington's 1957 study of the western tent caterpillar, 
Malacosoma californicum pluviale (Dyar), was one of the first 
definitive investigations demonstrating that qualitative change 
could influence the population dynamics of insects. Similarly, 
Leonard's (1970, 1971b) investigation of population quality in 
the gypsy moth, Porthetria dispar (L.) established that shifts 
in the behavioral and physiological ecology were related to 
nutrition, crowding, starvation, and temperature. Nutrition, 
as reflected by differential egg size within egg masses, was 
shown to be correlated to shifts in instar number and duration 
as well as subsequent reproductive potential. Leonard (1971b) 
suggested that dispersal by first-instar larvae was the most 
important component of gypsy moth ecology by qualitative change. 
Much of the unexpected reduction and increase in populations 
can be due to disperal (Semevskiy, 1973; Leonard, 1974). Al¬ 
though female gypsy moths are flightless, first-instar larvae 
are well adapted for dispersal. Dorsal aerostatic and lateral 
aculminate hairs which increase the surface area aid in buoyancy 
(Burgess, 1913; McManus, 1973). The silking behavior of the lar¬ 
vae may be even more important as an aid to dispersal. Leonard 
suggested differences in dispersal ability of larvae based on 
the length of the stadium and prefeeding stage, but this hy¬ 
pothesis has not been experimentally tested. Factors inducing 
qualitative changes, and the nature of these changes, should be 
considered in the formulation of techniques of pest management 
(Leonard, 1971b). The objective of this study was to investigate 
19 
the dispersal by first-instar larvae, with special reference to 
population quality. 
MATERIALS AND METHODS 
Gypsy moth larval behavior types are related to the size 
of the egg from which the larvae hatch. Egg masses were dehaired, 
disinfected with sodium hypochlorite, and large and small eggs 
separated with the aid of an occular micrometer and stereomicro- 
« 
scope. Eggs about 1.12 mm were considered small while those about 
1.22 mm were considered large. Eggs were field collected in March 
and stored at 4°C. Laboratory experiments were conducted during 
May, June and early July. 
The study of dispersal in the field is severely handicapped 
by the difficulty associated with recovery of the extremely small 
first-instar larvae. Thus, field studies were limited only to an 
examination of the initial dispersal episode. Larvae were held 
without food for about 18 hours at 23.5°C, as larvae usually re¬ 
main on the egg mass for about 24 hours (McManus 1973). Groups 
of larvae from large and small eggs were released separately at 
the base of 2 small (3 m high) oak trees, Quercus rubra L., and. 
the leaves and branches carefully examined periodically for lar¬ 
vae. Released larvae were prevented from climbing down the tree 
by bands of tanglefoot at the base of the trunk. The first groups 
of larvae were released 11 July 1974, and consisted of 100 larvae 
per tree. The second series were released on 6 August 1974, and 
consisted of 50 larvae per tree. For the second release, small 
larvae were released on the tree that had previously received the 
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large larvae. Counts of larvae were made 24 hours after the 
first release and 3.5 hours after the second. 
Six dispersal units were constructed to study dispersal 
in the laboratory (Fig. 1). Each unit consisted of a 1 m log, 
5-7 cm dia., suspended inside a glass cylinder 1.2 rn high, 25 cm 
dia. Larvae were prevented from escaping the dispersal unit by 
barriers of vaseline at the top of the log and cylinder and by 
a cone of nylon mesh at the base of the glass cylinder. Larvae 
were released at the base of the log from a 30 ml plastic cup. 
Larvae normally climbed to the top of the log where they en¬ 
countered 4 apple leaves, Malus pumila Mill, (favored food), 
hemlock springs, Tsuga canadensis (L.) (non-favored food), or 
cardboard leaf models (absence of food). Stems of leaves were 
inserted into vials containing water to help maintain freshness, 
but changed daily. Bark flaps were attached to the base of the 
logs to provide hiding places if needed. Larvae were free to 
climb about the logs and foliage uninhibited but could not attain 
the walls of the glass cylinder without dispersing (i.e. silking). 
Dispersed larvae could not regain the log and could usually be 
found wandering near the top of the cylinder just beneath the 
vaseline barrier. 
The dispersal units were maintained in a small room at 
about 80% RH and 28°C. The light cycle cf•the room was 14 hours 
full light proceeded and followed by one hour of partial light. 
Vertical air movement (downwards) was provided by a fan. Air 
velocity was 0.06 to 0.40 m/s, enough to cause some leaves to 
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quiver at the higher velocities. The vertical direction to 
the air movement did not allow horizontal dispersal, i.e., from 
log to wall cylinder. Larvae were always observed to silk down¬ 
wards. Larvae were released at 1000 hours and checked for dis¬ 
persal at 1300 and 1600 hours. On subsequent days (2 to 5 de¬ 
pending on the experiment) dispersed larvae were tabulated at 
the three hour intervals indicated above. Dispersed larvae were 
replaced onto the base of the logs after each observation period. 
Larvae remained in the dispersal units during darkness but dis¬ 
persal was not tabulated as most dispersal occurs during the 
morning and early afternoon (Leonard, 1971a; McManus, 1973). 
Each diet treatment consisted of observation of 10 or 12 
dispersal units, each containing a group of 10 large larvae, and 
an equal number of units containing groups of small larvae. Each 
unit alternately held large or small larvae, to equalize any dif¬ 
ferences that might be associated with individual dispersal units. 
The number of dispersals per observation was tabulated as a per¬ 
centage since some larvae died, became trapped in vaseline, or 
failed to disperse from the release point. 
The above technique provides an index of number of dispersal 
episodes attempted but may not reflect some dispersal abilities 
that change with time. For example, Leonard (1967) noted that 
the weight of feeding larvae doubles at day 2. Weight could be 
expected to affect distance dispersed. To study the effect of 
increasing weight on dispersal abilities of first-instar larvae 
we exposed them to various air velocities and recorded daily for 
! 
. ft * 
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5 days the distance dispersed by each larva. Three groups of 20 
larvae were released from a 30 ml cup suspended 20 cm high daily. 
Air velocities used were 0.45, 0.70, 0.90, 1.50, and 2.50 m/s. 
Conditions during this test were 28°C and about 50% PH. By day 
5, some larvae had molted; only the dispersal distance of first- 
instars is reported. Air velocities were determined by a hot¬ 
wire anemometer. 
Also, in another related study, we determined whether dis¬ 
tance dispersed varies with size of egg from which the larva de¬ 
velops. Newly hatched large and small larvae were held at 23.5°C, 
70% RH for 24 hours and tested as above. Mean weights of larvae 
tested were 0.638 and 0.470 mg. 
Locomotive behavior was examined in another laboratory 
study. The climbing ability of large and small larvae was de¬ 
termined by releasing 50 larvae at the base of a 0.75 m wooden 
dowel and timing their ascent. Conditions during this test were 
28°C and about 50% RH. Large larvae weighed 0.543 mg and small 
larvae averaged 0.459 mg. 
Survival time without food may be critical to dispersing 
larvae. This was studied by individually confining 185 large 
and small larvae to 30 ml plastic cups without food and checking 
N 
daily for mortality. Larvae were held at 23.5°C, 70% RH, and 16 
hours photcphase. Mean weights of larvae tested were 0.620 and 
if 
0.461 mg. 
i 
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RESULTS AND DISCUSSION 
Field releases of large and small larvae indicate that 
all healthy larvae undergo at least an initial dispersal epi¬ 
sode. In initial releases of large larvae, 97% left the release 
point within 24 hours. Of those that left none were found on the 
tree. Eighty-one percent of the small larvae left the release 
point and only one larva was found on the foliage. Similarly, 
92% of the large individuals and 88% of the small larvae dispersed 
from the release point on the second release date. Two large 
larvae and 8 small larvae were found on the foliage. The observed 
differences are not statistically significant. McManus (1973) 
successfully established gypsy moth populations on caged oak trees 
during July and August. We were not surprised to find that all 
larvae disperse initially, regardless of size, as this has been 
suggested by McManus (1973). However, the larvae did disperse 
more quickly than reported by McManus. This may be due to the 
24-hour food deprivation period. The failure of some larvae 
to move from the release point also was expected. In the lab¬ 
oratory we frequently noted that a small proportion of the lar¬ 
vae that hatched were very sluggish and invariably perished due 
to failure to feed. The proportion of sluggish larvae was great¬ 
est among small larvae. Wellington (1957) similarly noted slug¬ 
gish behavioral types among western tent caterpillars. 
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Laboratory investigation of dispersal with favored food 
available indicated a significant difference in larval be¬ 
havior. We recorded twice as many dispersal episodes by 
large larvae as by small larvae (Table 1). This contradicts 
Leonard's (1971) hypothesis that small larvae have a greater 
vagility because of the longer prefeeding stage and stadium. 
Although we noted that small larvae tend to have a longer first 
instar, most dispersal occurred during the first 3 days of the 
stadium. Toward the end of the stadium both large and small 
larvae became progressively less active and feeding increased. 
Analysis of variance between dispersal by large and small larvae 
at days 1 and 2 was statistically very significant (P = .01) and 
significant at day 3 (P = .10). Variation between replicates 
probably accounts for the lack of statistical significance at 
days 4 to 6. Nevertheless, dispersal by large larvae occurred 
nearly twice as often as dispersal by small larvae even during 
days 4 to 6. 
These data are in accord with the findings of Wellington 
(1964) who reported that western tent caterpillar adults differ 
in their flight capacity. He found that adults developing from 
active larvae are able to disperse greater distances. Many in¬ 
sect populations are composed of individuals that differ in dis¬ 
persal abilities. For example, Rose (1972) reported that Cica- 
dulina populations are composed of both short and long distance 
fliers. Poor fliers are adapted for reproduction. Leonard (1970) 
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has reported that larvae from small eggs are more likely to have 
extra instars, which results in larger individuals with greater 
reproductive capacity. Thus both Cicadulina and P. dispar pop¬ 
ulations contain a segment optimally adapted for reproduction 
and another segment adapted for dispersal. The coexistence of 
the 2 flight morphs in Cicadulina seems to be based on inherited 
polymorphism, while the behavioral types of P. dispar and M. 
pluviale are based on nutrition. Gadgil (1971) speculates that 
a mixed strategy of a proportion of the population staying on in 
the same habitat while the rest disperse could be the most ad¬ 
vantageous strategy for many species. The gypsy moth seems 
well suited to this strategy. Each egg mass contains large and 
small eggs, and thus contains some larvae that will make many 
dispersal attempts and other individuals that will be inclined 
to remain closer to the population foci. 
McManus (1973) suggested that all newly hatched gypsy moth 
larvae are predisposed to disperse, resulting in long range 
dispersal of larvae under certain optimal conditions or in their 
redistribution within a local geographic area. Our data indicate 
that while all larvae initially disperse at least once, large 
larvae are more inclined to disperse repeatedly. Thus, factors 
favoring development.of egg masses with a high proportion of 
large eggs may result in potential inoculum for uninfested areas. 
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The dispersal activities of the larvae are modified when 
exposed to unfavored foliage (hemlock) or deprived of food (leaf 
model). Table 1 indicates that exposure to unfavorable food or 
absence of food increases dispersal activity by both large and 
small larvae. Although the tendency for large larvae to disperse 
more frequently than small larvae is still evident, the differ¬ 
ences are no longer statistically significant. Only day 3 of the 
food deprivation experiment exhibited a statistically significant 
difference. The hemlock and food deprivation experiments were 
terminated after 3 days because most of the larvae had perished. 
Only a few larvae accepted hemlock. Linde (1971) suggested that 
mass migrations of gypsy moth larvae occur when there is a lack 
of food or when the food is unsuitable. Kondakov (1963) reported 
pronounced dispersal from coniferous forests. Our study supports 
these observations. Gypsy moth behavioral types seem ■ susceptible 
* 
to environmental modification. Apparent behavioral types in M. 
disstria also exhibit plasticity (personal communication, J. A. 
Witter). In contrast, M. pluviale tend to maintain their differ¬ 
ences. 
Leonard (1971b) noted that gypsy moth larvae from small eggs 
often had additional instars. Additional instar larvae develop 
into larger pupae with greater reproductive potential. Thus, the 
poorly dispersing larvae have a greater reproductive potential. 
Factors which lead to production of smaller eggs, especially if 
they do not decrease the number of eggs produced, would tend to 
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contribute to the localized population outbreaks or "flushes" 
that are so characteristic of the gypsy moth. 
When medium-sized larvae were exposed to 5 air velocities 
and allowed to disperse, distance dispersed was markedly reduced 
with each subsequent day of development (Fig. 2). Corresponding 
to the decrease in dispersal was an increase in body weight. 
Average larval weights, days 1 to 5, were 0.5, 1.3, 2.6, 3.9, 
and 3.9 mg, respectively. Interestingly, when large and small 
larvae were tested, large larvae dispersed greater distances 
than small larvae at air velocities of 0.9 m/s or greater (Fig. 
3). Dispersal by large and small larvae was significantly dif¬ 
ferent by analysis of variance (P = .002). This would not be 
expected on the basis of the greater weight of the large larvae. 
The setae length/weight ratio would also seem to favor small lar¬ 
vae. We believe that differences in silking ability may account 
for the greater dispersal of large larvae, but have not yet de¬ 
vised a suitable technqiue to test this hypothesis. 
Climbing larvae also exhibited behavioral differences. 
Large larvae ascended at.a mean rate of 10.9 cm/min and small 
larvae climbed at 6.5 cm/min. Analysis of variance indicate 
significant difference in ascension rate (P = .05) McManus 
(1973) also noted that larvae differed in their rate of ascent. 
Vie observed that small larvae made more frequent stops during 
their ascent. Wellington (1957) found that sluggish M. pluviale 
sought silk trails laid down by active larvae. Gypsy moth lar- 
't 
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vs.© always deposit silk, and larvae tend to follow silk trails 
(McManus, 1973). Perhaps sluggish gypsy moth larvae also seek 
silk trails deposited by the more active individuals. 
Survival time for starved large and small first-instar 
larvae was not significantly different. Large larvae survived 
about 4.3 days while small larvae survived about 4.8 days. 
DeGroff (1969) conducted starvation tests with P. dispar and 
reported similar results, but noted that small larvae were more 
heterogeneous in survival time. In nature, it would seem that 
if larvae did not find acceptable food within 2 or 3 days of 
active search they would likely perish. In our survival test, 
larvae became inactive long before they died. 
While our results are generally consistent with those of 
Wellington (1957, 1960, 1965) they differ in some respects from 
the polymorphic-behavior hypothesis as proposed by Chitty (1960) 
and Krebs (Krebs et al., 1973; Myers and Krebs, 1974). These 
authors envision regulation of population cycles of voles, 
Microtus spp., by changes in the quality of individuals, and 
hence, populations. The genetic composition in the population 
reportedly shifts with resultant changes in aggressiveness and 
dispersal. In vole populations the animals with the highest 
reproductive potential disperse. Most dispersal occurs during 
the increase phase of the population cycle. In gypsy moth and 
western tent caterpillar populations, behavioral change and re¬ 
productive capacity are based on nutritional differences. These 
insect populations should be able to respond more quickly to 
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environmental change by this mechanism than by strict genetic 
selection (Leonard, 1971). Unlike vole populations, the gypsy 
moths with the highest reproductive capacity are not the primary 
dispersants. 
Leonard (1971) proposed that control procedures be directed 
at areas that tend to produce dense populations in an attempt to 
maintain sparse populations that will not provide dispersants. 
However, the relationship of population density to egg size is 
not known. Before the gypsy moth population process is under¬ 
stood and management of this pest actualized, the relationships 
of density, fecundity, and population quality must be analyzed. 
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Fig. 1 Dispersal unit for laboratory studies of dispersal by 
first-instar gypsy moth larvae, (A) vaseline barriers, 
(B) foliage, (C) log, (D) glass cylinder, (E) bark 
flaps, (F) cup for release of larvae, (G) nylon mesh. 
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Fig. 2. Distances dispersed by medium sized first-instar 
9YPSY moth larvae at several air velocities, 1 to 
5 days after hatch. 
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Fig. 3. Comparative dispersal by 1-day old large (L) and 
small (S) gypsy moth larvae at several air veloci¬ 
ties. 
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IV. INFLUENCE OF SUBLETHAL DOSAGE OF CARBARYL AND NUCLEAR 
t 
POLYHEDROSIS VIRUS ON GYPSY MOTH DEVELOPMENT AND 
EGG MASS CHARACTERISTICS 
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ABSTRACT 
Ingestion of nuclear polyhedrosis virus (NPV) by 2nd 
instar gypsy moth larvae caused a decrease in fecundity and 
reduction in female pupal weight among survivors. Egg size, 
male pupal weight, and development time of male and female 
larvae were not affected. Topical application of carbaryl to 
4th instar larvae caused only minor changes in development 
and egg mass characteristics of survivors. NPV could be very 
useful for pest management programs because larvae surviving 
treatment, but ingesting sublethal quantities of polyhedra, 
have reduced reproductive potential. 
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Sublethal doses of insecticides and pathogens affect 
insect populations by affecting the survival or reproductive 
ability of individuals, or by selection, the genetic con¬ 
stitution of future generations. Screening of insecticides 
is commonly based only on the existence of acute toxicity. 
Sublethal effects, which may be equally effective for con¬ 
trolling populations, go undetected (Moriarity 1969). Sim¬ 
ilarly, little regard has been paid to sublethal virus in¬ 
fections in insects (Harrap 1973) although reduction in the 
reproductive capacity of insects infected sublethally by other 
disease organisms (microsporidans) has been well document 
(Gaugler and Brooks 1975). 
Current and future programs for management of gypsy moth, 
Porthetria dispar (L.), populations involve utilization of 
carbaryl and nuclear polyhedrosis virus (NPV). The response of 
insects to sublethal doses of carbamates is highly variable, 
ranging from production of small but normal pupae (Zectran) to 
large, slow developing and abnormal pupae (Lannate) (Smith 
1971), but carbamates frequently affect egg production (Grosch 
1975, Moriarty 1969). Magnoler (1974a), Doane (1967a), and 
Ignoffo (1965) report no decisive effect on survivors of NPV 
treatment, although fecundity was not measured. Orlovskaya 
(1969) found a reduction in number, weight, and hatchability 
of eggs from P. dispar treated with NPV. Much further work on 
ecology and epizootiology of viruses, especially sublethal 
doses, is needed to understand insect population dynamics 
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(David 1975). Our objective was to determine the effects of 
sublethal dosages of carbaryl and NPV on gypsy moth larval 
development and egg mass characteristics. 
METHODS AND MATERIALS.- Gypsy moth larvae were hatched 
from field collected eggs that were disinfected with 0.25% 
sodium hypochlorite. Larvae were reared on artificial diet 
(Leonard and Doane 1966) as groups of ca 15 in petri dishes 
until treatment, after which each larva was transferred to a 
separate container where it was reared until emergence or 
death. 
Three treatment levels of NPV were administered to un- 
sexed 2nd instar larvae 1 day after molting: 3.6x10 
3 4 7.3x10 , or 3.6x10 polyhedra per larva. Second instars were 
used because it allowed nearly maximum disease development 
and is a point in the life cycle of the larva when it is 
naturally exposed to the virus. Also, application of virus for 
control purposes should be as near hatching as possible (Bailey 
1973). Polyhedra were administered to 1x3 mm dia. diet discs 
with a microapplicator and microliter syringe as described by 
Magnoler (1974a). Controls received sterile distilled water. 
A diet disc and a single larva were confined to 30 ml plastic 
cups with cardboard tops until the diet was consumed. About 
150 larvae were treated with each level of NPV. Larvae that 
did not consume the entire disc were discarded. 
Larvae were reared in the plastic cupson virus-free diet 
to emergence (males) or they became too large for the cups 
(females). Females were then transferred to 200 ml paper cups 
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until emergence. Pupal weight was recorded 2-3 days after 
pupation. Development time (day of treatment to emergence) 
was also recorded for each individual. Females were mated 
and they deposited eggs in the paper cups. Egg masses were 
dehaired, eggs counted volumet.rically (Saufley 1972 ) and mean 
egg size determined by measuring a random sample of ca 10% 
with an ocular micrometer. 
% 
Fourth instar larvae, 1 day after molting, were used for 
the carbaryl tests because this instar is frequently a target 
of spray programs and is relatively easy to handle. One mi¬ 
croliter drops of carbaryl in acetone solution were applied 
to the larval thoracic dorsum with a microapplicator. Larvae 
received 1.0, 2.5, or 5.0 mg carbaryl per gram larval weight. 
Controls received acetone only. Average larval weight was 
determined immediately preceding treatment, and dosage cal¬ 
culated according to Neal (1974). Technical grade carbaryl, 
assayed at 100%, was provided by Union Carbide. Two days 
after treatment, surviving larvae were transferred directly 
to individual 200 ml paper cups. Development time, pupal 
weight, and egg mass characteristics were determined and re¬ 
corded as above. 
Since it was not known if oviposition was a reliable in¬ 
dex of fecundity, many adult females were dissected to deter¬ 
mine whether eggs remained in the ovarioles. We found that 
females were almost void of eggs. Thus, we used oviposition 
as an index of fecundity and disregarded the few retained eggs. 
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RESULTS AND DISCUSSION.- Ingestion of sublethal quantities 
of NPV polyhedra by gypsy moth larvae significantly affects 
egg production by adult moths (Table 1). Mean numbers of eggs 
produced from treated individuals were lower than from controls. 
Egg size was not affected by NPV treatment. Size is an impor¬ 
tant index of population quality, and shifts in the behavioral 
and physiological ecology of the gypsy moth are correlated with 
egg size (Leonard 1971). However, sublethal dosage of virus 
may contribute to qualitative deterioration of populations by 
inducing numerical change. Corrected mortality (Abbott 1925) 
caused by ingested NPV was 9, 27, and 41% with increasing levels 
of NPV administered. 
Male pupal weight and development time were unaffected 
by NPV treatment (Table 2). Female development time was also 
unaffected but treated female larvae produced pupae that 
weighed slightly less. Pupal weight is highly correlated 
with fecundity (Maksimovic 1958 cited by Doane 1967). Our 
results do not correspond to those of Magnoler (1974a) and 
Doane (1967a) who reported no effect of sublethal NPV on 
pupal weights of survivors. However, our female pupae were 
twice as heavy as those produced by Doane and only half the 
weight of those of Magnoler, indicating major differences in 
o 
genotype and/or technique. Our results are similar to those 
reported by Orlovskaya (1969). Reduction of pupal weight is 
characteristic of sublethal infection by cytoplasmic polv- 
hedrosis virus (CPV) (Magnoler 1974b). Doane (1967b) sug- 
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gested that CPV might be present in North America gypsy moth 
populations and we may have inadvertently fed CPV as well as 
NPV to test larvae. 
Treatment of larvae with carbary1 resulted in a slight, 
but statistically nonsignificant, decrease in fecundity (Table 
1) . Egg size was not affected (Table 1) and pupal weights did 
not show clear trends (Table 2). Statistically significant 
prolongations of development times resulted from carbaryl treat¬ 
ment but they are of questionable biological significance. Mor¬ 
tality caused by the topical application of carbaryl was 10, 37, 
and 55% as the dosage level was increased. 
Grosch (1975) demonstrated reduction in egg number in 
vitellogenic ovarioles of Bracon hebetor (Hymenoptera:Braconidae) 
by carbaryl. He reported resorption of the eggs and oldest 
oocytes and depletion of somatic tissue of the abdomen.immedi¬ 
ately following treatment. In the gypsy moth, ovaries of the 
4th instar larvae are not well developed (Forbush and Fernald 
1896), and may have sufficient time to repopulate following 
application of carbaryl. Treatment of later instars might 
produce more dramatic results but would not reflect normal 
field exposure of larvae to sublethal dosages. 
Our results indicate that survivors of gypsy moth popu- 
O 
lation crashes, which are usually associated with high den¬ 
sities and caused by NPV, may have reduced reproductive po¬ 
tential. NPV could be very useful for pest management programs 
because it would limit gypsy moth population resurgence and 
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allow predator and parasitoid populations opportunity to de¬ 
velop in the absence of toxic insecticide residues. However, 
the availability and proven efficacy of carbaryl, the ability 
of sublethal doses of insecticide to increase susceptibility 
of the gypsy moth to NPV (Leonard 1974), and the low toxicity 
of carbaryl to dipteran parasitoids (Doane and Schaefer 1971), 
justifies continued consideration of this insecticide for gypsy 
moth pest management programs when insecticidal treatment is 
warranted. 
* 
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Table 1.-Effects of topical application of carbaryl and in- 
gestion of NPV by 
and size.1 
gypsy moth larvae on egg number 
Treatment Dose 
No.egg 
masses 
No.eggs/mass 
Mean+SE 
Egg size (mm) 
Mean+SE 
Carbaryl 5.Omg/g 10 658 + 70 a 1.202 + 0.007 a 
2.5 22 741 + 41 a 1.183 + 0.006 a 
1.0 28 797 + 41 a 1.185 + 0.005 a 
• Control 27 802 + 41 a 1.184 + 0.005 a 
NPV 3.6xl04 9 619 + 70 a 1.173 + 0.006 a 
7.3xl03 16 717 + 54 a 1.183 + 0.006 a 
3.6xl04 20 697 + 46 a 1.178 + 0.006 a 
Control 17 909 + 57 'b 1.189 + 0.006 a 
^Means within columns followed by the same letter are not sig¬ 
nificantly different at the 5% level by Duncan's multiple range 
test. 
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ABSTRACT 
Laboratory and field studies indicate that differences in 
gypsy moth egg mass characteristics can be related to larval 
density and natural diet. Egg mass characteristics are valuable 
indices of population quality as well as future population levels. 
Laboratory crowding reduced number of eggs/mass but did not 
affect egg size. Field collected egg masses from various 
population levels in Massachusetts also varied in egg number/ 
mass, but egg size could not be directly correlated to density. 
Laboratory rearing of larvae on several natural diets produced 
differences in both egg number and size. Maple diets produced 
egg masses with fewer, smaller eggs, as compared to oak diets. 
Field collected egg masses also varied in mean egg size, ac¬ 
cording to host tree species. Thus, forest composition may 
directly affect the quality of gypsy moth populations, as well 
as numerical levels. Increasing density could affect egg size 
indirectly, by forcing gypsy moth larvae to feed on unfavorable 
host foliage. 
<5 
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The gypsy moth Porthetria dispar (L.) has long been an 
* 
important defoliator of forest and shade trees in eastern 
North America but its population biology is poorly understood 
(Campbell 1973). Wellington (1957, 1960, 1964, 1965) has 
elegantly demonstrated the role of population quality in 
numerical regulation of Malacosoma pluviale (Dyar), the 
western tent caterpillar. Leonard (1968, 1969, 1970, 1971) 
suggested a similar process in P. dispar and demonstrated 
that shifts in development time, number of instars, pupal 
weight, and behavioral characteristics are related to egg 
size. Egg size varies within and between egg masses. 
Factors affecting population quality, as reflected in egg 
size, may cause significant shifts in gypsy moth abundance 
(Leonard 1971, Capinera and Barbosa submitted for publication). 
Crowding (Drooz 1969, Iwao 1968) and diet (Drooz 1975, Matt- 
• son and Addy 1975, White 1974) are known to affect many 
aspects of insect biology, including egg number and size, 
but response varies from species to species (Iwao 1962, 
Zaher and Long 1959).We considered the contributions of den¬ 
sity and natural diet to determination of gypsy moth population 
quality by examining their effects on egg number and size. 
Methods and Materials 
The effect of natural diet on egg mass characteristics 
was determined by rearing larvae individually in 200 ml 
waxed paper cups on fresh foliage at 23.5*C and 16 hr photo¬ 
phase. Larvae were fed red oak, Quercus rubra L., or red 
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r^sple, Acer rub rum L. Also, some larvae were switched 
from red oak to red maple, red oak to beech, Fagus grandi- 
folia Ehrh., or from red oak to white pine, Pinus strobus L., 
at the 4th instar, and reared to pupation on the second 
leaf type. Pupal weight, number of eggs deposited, and 
mean size of eggs were recorded. Eggs were counted volu- 
metrically (Saufley 1972) and a random sample of eggs from 
each mass was measured with an ocular micrometer. 
The effect of density on egg mass characteristics was 
determined by rearing 1, 15, or 30 larvae/400 ml unwaxed 
paper cup at 27°C, 70% RH and 16 hr photophase. Larvae were 
supplied with an excess of artificial diet (Leonard and Doane 
1966). We tabulated number of eggs produced by each female 
and size of eggs, as above. 
We examined the effects of diet and density on egg mass 
characteristics in the field by collecting egg masses from 
low (less than 100 masses/A), medium (ca. 500 masses/A), and 
high (at least 1000 masses/A) density sites in central and 
western Massachusetts (see Table 3). Although there are in¬ 
herent weaknesses associated with this method of density 
assessment, the number of egg masses/A is the standard 
method of evaluating, gypsy moth population levels. We re¬ 
corded, dominant . tree species composition at each site and 
the tree species from which each egg mass was collected. 
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Number of eggs/mass and mean egg size was determined, as 
above, for each site, density, and major host tree species. 
Results and Discussion 
Laboratory crowding produced a decrease in fecundity 
with increasing density (Table 1). This was expected, as 
Leonard (1968) demonstrated a decrease in pupal weight with 
increasing density, and fecundity is highly correlated with 
pupal weight. Mean egg size was unaffected by density. 
Natural diets had pronounced effects on pupal weight, 
fecundity, and egg size (Table 2). In general, oak diets 
produced large pupae and highly fecund adults that deposited 
large eggs. Maple diets were deleterious to gypsy moth pop¬ 
ulation growth, as these diets produced smaller pupae, lower 
fecundity, and small eggs. While not a favored species, 
maple is often fed upon when in combination with other species, 
especially if the more favored species becomes defoliated 
(Mosher 1915). Dividing the pupal weight of a female by her 
fecundity provides a reproductive index (Campbell 1962). 
Females from maple-fed larvae had a higher reproductive index, 
indicating less efficient utilization of resources for repro¬ 
duction (Table 2). The oak-beech diet was also unsatisfactory. 
Development time of larvae fed beech was greatly prolonged, 
survival was poor, and the few females that emerged did so 
long after the males had perished. Thus, we have no data on 
fecundity and egg size. Judging from pupal weight, the oak- 
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beech egg mass characteristics probably would have been 
similar to maple ’74 (Table 2). Mosher (1915) reported 
that while early instar gypsy moth larvae feed heavily on 
beech, this diet must be associated with a mixture of one 
or more favored species for normal reproduction. Pine 
during the latter instars promoted development of highly 
fecund females that produced exceptionally large eggs. 
Mosher (1915) indicated that white pine was a favored food 
for gypsy moth larvae after the earlier larval stages. 
We reared larvae on red maple for two consecutive 
years, 1974 and 1975, and found significant differences in 
the effects of this diet on egg mass characteristics. Thus, 
while our data provide indices of diet suitability, the 
relative suitability may shift considerably. Since most 
feeding by larval gypsy moths occurs in the terminal instar 
(Leonard 1966), it is not surprising that the egg mass char¬ 
acteristics of oak-maple larvae were more similar to maple 
(1974) than oak. Dense gypsy moth populations character¬ 
istically defoliate the favored host species first (usually 
oak) and then move to less preferred hosts. The less pre¬ 
ferred hosts can thus affect the characteristics of the sub¬ 
sequent generation. While density does not contribute directly 
to shifts in egg size, high density populations could evoke 
qualitative change by this indirect route. 
First instar larvae from large eggs disperse more fre¬ 
quently than those from small eggs (Capinera. and Barbosa 
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submitted for publication). Adult female gypsy moths are 
flightless, and air-borne distribution of first-instar 
larvae is the major form of dispersal. Thus, our data 
indicate that forests containing a high proportion of 
maple and beech will act as a sink for gypsy moth popula¬ 
tions because larvae feeding on these plants (1) will 
deposit small eggs producing larvae that are less likely 
to disperse, and (2) will develop into less fecund adults. 
Oak-pine forests, or other hosts producing large numbers 
of large eggs, may provide the inoculum for adjacent areas, 
as these hosts produce larvae that disperse frequently. 
Large egg masses, however, contain large numbers of both 
large and small eggs. Oak forests could provide a large 
inoculum but also have a high resident gypsy moth population. 
Our laboratory studies are corroborated by field col¬ 
lections. We found significant differences in mean egg number 
and size among different populations (Table 3). Number of 
eggs/mass generally decreased with increasing density, but 
shifts, in egg size could not be related directly to density. 
We located high, medium, and low density populations with 
similar mean egg sizes. Our laboratory studies also indicated 
no relationship between density and egg size. 
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Natural populations varied in mean egg size, however, and 
the shift in mean egg size is both statistically and biologically 
significant. For example, if we compare the high density popu¬ 
lations from Sturbridge and Southbridge we find that the percent 
egg masses with large mean egg size (.> 1.200 mm) was 17.9% and 
37.5%, respectively, while the percent with small mean egg size 
( _< 1.170 mm) was 25.6% and 12.5%. The small increase in mean 
egg size of the Southbridge population relative to the Sturbridge 
population represents a two-fold increase in the number of egg 
masses with very large eggs. Conversely, the Sturbridge popu¬ 
lation contains twice as many egg masses with very small eggs. 
The Monson population represents a more dramatic shift in egg 
size, as 65% of the egg masses contained large eggs while only 
9% of the egg masses could be categorized as small. Such 
shifts in egg size could alter the proportions of dispersing 
and resident gypsy moth larvae and dramatically influence 
population levels at the infested site, or through dispersal, 
some distant site. 
While the flightless female gypsy moth usually does not 
move far from the pupation site before depositing her eggs, 
large larvae commonly wander considerable distances. Re¬ 
covery of an egg mass from a particular host tree does not 
■2® 
necessarily indicate ingestion of that foliage. However, 
when we grouped the mean egg size data according to host tree 
from which the egg mass was recovered, we again found differ- 
61 
ences in agg size (Table 4). Significantly, egg masses from 
white pine yielded larger eggs than those collected from red 
oak, which supports our laboratory feeding studies. Number 
of eggs/mass was not analyzed in this manner because egg 
number is also density dependent, and therefore would vary 
with collection site. 
In general, food producing greater numbers of eggs/mass 
also produced larger eggs. However, within any single natural 
diet there is a tendency for egg size to be inversely correlated 
with egg number (Capinera and Barbosa 1975). This latter trend 
does not seem to be nearly as important as the shifts in egg 
size associated with change in diet. 
The importance of diet to the ecology of the gypsy moth 
is emphasized by Kovacevic (1949), who discerned 3 biological 
races of P. dispar depending on food source. Egg mass density 
and number of eggs/mass can also be related to the relative 
proportion of favored, food (Campbell 1973). However, Campbell 
(1973) notes that any woodland environment, regardless of its 
inherent capacity to maintain gypsy moth populations, can be 
characterized at times by a high resident population. This 
clearly points out the importance of dispersal in determining 
local gypsy moth abundance. Gypsy moth larvae differ in their 
dispersal tendencies, according to the size of the eggs from 
which they develop. Foliage type has a major effect on dis¬ 
persal tendencies, but air flow patterns probably determine the 
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ultimate site of many populations. With an understanding of 
the effects of natural diets on population quality and knowl¬ 
edge of air flow patterns, we may be able to locate population 
foci and control potential outbreaks before dispersal actually 
occurs. 
C 
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VI. YOLK AND YOLK DEPLETION OF GYPSY MOTH EGGS 
IMPLICATIONS FOR POPULATION QUALITY 
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ABSTRACT 
The quantities of vitellogenin present in large and small 
gypsy moth eggs were determined serologically. Larvae develop¬ 
ing in large eggs have significantly greater yolk resources avail 
able during embryological development, and also retain a larger 
amount of yolk reserve for post-diapause consumption. High tem¬ 
peratures during embryonation and immediately preceding eclosion 
caused depletion of yolk. High temperatures did not induce de¬ 
pletion during the diapause period. The relationship of yolk to 
population quality and the possible consequences of yolk deple¬ 
tion are discussed. 
c* 
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Although individuals of a population differ genetically 
and physiologically from each other, students of population 
dynamics often treat individuals as interchangeable units that 
respond uniformly to given biotic or physical factors. Qual¬ 
itative differences, however, are known to exist in insects. 
Phase polymorphism, density related responses, many behavioral 
changes, and wing polymorphism are examples of individual 
quality (Leonard 1971). 
Qualitative differences in several characteristics of 
the western tent caterpillar, Malacosoma californicum pluviale 
(Dyar) and the gypsy moth, Porthetria dispar (L.) are correlated 
with egg size. The first eggs deposited by females of both 
species are larger than eggs subsequently produced. The biology 
of individuals from large eggs is somewhat unlike that of larvcie 
from small eggs. Thus, behavioral and developmental character¬ 
istics seem to be correlated to differences in nutrition, re¬ 
sulting from unequal partitioning of the ovarian substrate 
during egg production (Wellington and Maelzer 1967, Leonard 
1970b). Changes in the population ecology of these insects 
may result from intrinsic or extrinsic factors that induce 
shifts in yolk content of eggs. The impact of qualitative 
change on the population dynamics of the western tent caterpillar 
is well documented (Wellington 1957, 1960, 1964, 1965) and Leonard 
(1968., 1969, 1970a&b, 1971) has suggested a similar mode of 
population regulation for the gypsy moth. 
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We sought to ascertain the effects of egg size in P. 
dispar on the amount of yolk protein (vitellogenin) present 
in large and small eggs before and after embryonic develop¬ 
ment. Also, the effect of temperature on depletion of yolk 
reserves was studied. 
Materials and Methods 
The presence and amount of vitellogenin in eggs was de¬ 
termined with Oudinfs antiserum-agar technique (Telfer and 
Williams 1953, Preer and Telfer 1957). The validity of the 
Oudin technique for the determination of the relative concen¬ 
tration of yolk protein has been established (Telfer 1954). 
Antibodies were obtained from rabbits injected with yolk 
protein from unembryonated gypsy moth eggs, and thus were con¬ 
taminated with antibodies against additional proteins. Of the 
many proteins found in the blood of the female, only the se¬ 
lectively accumulated yolk protein and the carotenoid protein 
are incorporated in significant amounts in the yolk, so that 
the antiserum demonstrated primarily these two proteins. Tel¬ 
fer (1954, 1960) and Anderson and Telfer (1970) obtained sim¬ 
ilar results. Absorption of the antiserum with 10% male 
pupal hemolymph rendered it specific for yolk. Antigen was 
prepared by homogenizing 100 gypsy moth eggs in 0.2 ml .25M 
NaCl buffer (pH 8.5). Yolk was separated by centrifugation at 
10,000 g (Telfer 1954). The yolk antiserum was solidified in 
agar in small bore glass tubes and overlayed with 10 yl of 
antigen. 
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A band of precipitate forms which migrates into the agar. 
The rate of migration is dependent on the relative concentra¬ 
tions of antigen and antibody (Telfer and Williams 1S53). The 
rate of precipitate band movement is proportional to the square 
. root of time (Rabat 1968); that is 
h = k rr 
in which h is the distance from the interface of the sharp lead¬ 
ing edge of the zone of precipitation, t is the time elapsed 
since the antigen solution was layered over the agar, and k is 
a coefficient characteristic of the band (an index to the rela¬ 
tive concentration of the band). 
The rate of advance of the precipitate was converted to 
the concentration of protein in the antigen layer by reference 
to a standard curve. The standard curve was constructed by de¬ 
termining the rate of precipitate advance produced by a series 
of dilutions of antigen and antisera. An antisera dilution of 
1:4 was used for the final determinations (Table 1). Total 
protein in sample used to construct the standard curve was 
determined with the biuret and E260/E280 methods (Chaykin 1966). 
We assumed that all protein detected in this sample of egg extract 
was yolk protein and calculated yolk protein content on this basis. 
We calculated the yolk content of large ( > 1.200 mm 
diameter) and small ( < 1.170 mm diameter) unembryonated and 
embryonated eggs. As we were interested in the relative amount 
of yolk available to developing larvae, and larval size is pro¬ 
portional to egg size, the ratio of yolk to larval weight is of 
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prime importance. Thus, we also calculated yolk per unit egg 
weight. These tests were replicated 3 times, and each repli¬ 
cate is a mean value from 3 Oudin tubes. 
The effect of temperature on depletion of yolk reserves 
was determined by exposing intact egg masses to high and low 
temperatures, at 75% RH, for a 6 w’eek period. Masses were 
incubated at 15°C or 27°C during embryonation. Embryonation 
naturally occurs during late summer . Other masses were incu¬ 
bated at these temperatures immediately after embryonation, 
which compares to autumn and early winter, the natural diapause 
period of the gypsy moth. Just prior to eclosion, which cor¬ 
responds to spring, other masses were exposed to -0°C, 5°C, or 
10°C. Eggs from 6 masses incubated at each temperature were 
assayed for yolk, as above. 
Results and Discussion 
The gypsy moth diapauses as a mature embryo. Enclosed 
within the mesenteron and stomodeum is an abundance of yolk. 
The quantity of yolk does not change during diapause, but after 
the required diapause period the yolk within the gut is absorbed 
(if the temperature is appropriately elevated). When the gut con¬ 
tents are completely absorbed, the larva consumes another reserve 
of yolk, external to the larva, and then gnaw^s through the chor¬ 
ion (Tuleschkov 1935, Chu 1968). The relative concentration of 
yolk in the gut of embryos can be determined histologically 
(Hodson and Weinman 1945, Wellington 1965), but the reserve of 
external yolk is more difficult to measure. The serological 
technique that we employed afforded a significant advantage in 
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that we were able to determine the total amount of yolk avail¬ 
able to developing larvae. 
Our results (Table 2) indicate that there are significant 
differences in the amount of yolk present in large and small 
unembryonated eggs. The large eggs have twice as much yolk 
per egg, as compared to small eggs-. • When larval weight is 
considered, large eggs have about one-third more yolk. More 
than half of the yolk initially deposited is utilized in em- 
bryological development. Large embryonated eggs similarly have 
twice as much yolk left as small eggs. Thus, larvae developing 
in large eggs have much greater yolk resources during embryolog- 
ical development, and also retain a larger amount of yolk reserve 
for post-diapause consumption. 
High temperatures during embryonation and immediately 
preceding eclosion caused a depletion of yolk (Table 3). High 
temperature similarly caused an increase in yolk absorption in 
the forest tent caterpillar, Malacosoma disstria Hubner. High 
temperatures during diapause did not affect yolk content of 
the gut (Hodson and Weinman 1945). 
Our data indicate that the total amount of yolk avail¬ 
able to developing larvae may be reduced if eggs are exposed 
to abnormally high temperatures. We suspect that high temper¬ 
ature may convert large, yolk-rich eggs to the equivalent of 
small, yolk-deficient eggs. This could have dramatic effects 
on the development and behavior of larvae. Leonard (1971) has 
demonstrated that larvae from small eggs often exhibit an ex¬ 
tra instar, resulting in prolonged total development time. 
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Also, these larvae develop into larger individuals with a high¬ 
er fecundity. Factors inducing production of more small eggs, 
or small egg equivalents, could increase fecundity within a 
population and perhaps lead to population outbreaks. Inter¬ 
estingly, Watt (1968) has correlated high late summer tem¬ 
peratures with gypsy moth outbreaks. 
Leonard (1968, 1969, 1970a&b) has demonstrated the im- 
% 
portance of several environmental effects on shifts of gypsy 
moth population quality. Larvae that are starved, crowded, 
or exposed to cool temperatures at certain critical points in 
their development often produce extra instar individuals. 
Leonard (1970a) also notes that some egg masses produce a very 
high proportion of larvae with extra instars, regardless of egg 
size. He suggested that climatic factors may have depleted 
the yolk reserves and induced production of additional molts. 
We believe that our data substantiates at least part of this 
hypothesis. High temperatures certainly lead to depletion of 
yolk reserves. 
Wellington and Maelzer (1967) report that treatments 
that accelerate the consumption of nutrients by western tent 
caterpillars in the embryonic stage, or that force the mature 
embryos to deplete their overwintering reserves, produce a 
change in behavior at eclosion. Temperature treatments not 
only decrease the quality of individuals, but quality 
may be shifted upscale as well, producing more vigorous in¬ 
dividuals. 
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We had hoped to examine the development and behavior 
of individuals with depleted yolk reserves. However, exposure 
to 10°C during the pre-eclosion period proved lethal to most 
larvae. This was corrected by incubating eggs at 5°C. We 
obtained considerable survival of larvae incubated at -10°C, 
but because some mortality did occur, and we lacked facilities 
to incubate eggs at a slightly higher temperature, we deemed 
% 
it unwise to study the survivors until survival could be en¬ 
hanced. Thus, this most deserving aspect of population quality 
awaits further investigation. 
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Table 1. - Vitellogenin "k" values. 
Antiserum 
• • 
Antigen dilution 
dilution 1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 
1:4 .080 .076 .068 .061 .049 .030 .018 .002 
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Table 2. - Yolk content of large and small, unembryonated 
and embryonated gypsy moth eggs. 
Egg status Egg size 
Yolk 
(K+SD) 
Yolk/eggs 
(y g+SD) 
Yolk/egg wt. 
(y g/mg+SD) 
Unembryonated, small 0.046+0.002 12.3+ 1.5 22.5+ 3.0 
large 0.058+0.007 28.1+12.6 31.9+13.6 
Embryonated, small 0.030+0.003 4.6+ 1.1 6.7+ 1.7 
large 0.043+0.007 10.1+ 2.5 12.5+ 3.1 
Table 3. - Yolk content of eggs incubated at high and low 
temperatures during embryonation, immediately after embryonation 
(diapause period) and immediately preceding eclosion. 
Incubation 
period 
Temperatue 
(°C) 
Yolk 
(K+SD) 
Yolk/egg 
(y g+SD) ‘ 
Yolk/egg wt. 
(y g/mg+SD) 
Embryo nation 15 0.035+0.003 6.5+1.5 11.9+3.1 
27 0.030+0.003 4.4+1.1 8.6+2.3 
Post-embryonation 15 0.040+0.005 8.6+2.7 12.3+1.9 
27 0.039+0.006 8.6+3.0 12.2+3.9 
Pre-eclosion -10 0.041+0.003 9.4+2.2 14.2+3.2 
10 0.037+0.003 7.1+2.0 11.0+1.8 
-10 0.045+0.003 11.8+2.6 17.4+3.8 
5 0.041+0.003 9.3+1.6 14.8+3.9 
VII. GENERAL CONCLUSIONS AND DISCUSSION 
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The data presented indicate that gypsy moth populations 
respond qualitatively to several environmental factors; these 
responses may contribute to numerical regulation of the species 
and should be considered when developing control strategies. 
Larvae from large eggs disperse more frequently than lar¬ 
vae from small eggs when in the presence of favored food. 
Factors favoring the production of large eggs, or survival of 
larvae from large eggs, could contribute to the development 
of highly dispersant populations. Similarly, factors favoring 
the production of small eggs could contribute to development 
of resident populations. When small larvae are unable to lo¬ 
cate suitable food their frequency of dispersal increases 
almost to the level of large larvae. Thus, the behavioral 
patterns are susceptible to environmental modification. 
Ingestion of nuclear polyhedrosis virus (NPV) by 2nd instar 
larvae causes a decrease in fecundity and reduction in female 
pupal weight among survivors. Ingestion of NPV does not affect 
egg size, male pupal weight, or development time of male and fe¬ 
male larvae. NPV could be very useful for gypsy moth management 
programs because larvae surviving treatment, but ingesting sublethal 
quantities of polyhedra, have reduced reproductive potential. 
Topical application of carbaryl to 4th instar larvae causes only 
minor changes in development and egg mass characteristics among 
survivors. 
Laboratory studies indicate that crowding decreases 
fecundity of female gypsy moths, but egg size is not affected. 
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Field collections also suggest that fewer eggs/mass are pro¬ 
duced at higher densities, and egg size is not directly 
correlated with density. Thus, density affects the numerical 
levels of gypsy moth populations, but does not cause shifts in 
egg size, a principal index of population quality. 
Laboratory rearing of larvae on several natural diets 
produces differences in both egg number and size. Maple 
diets produce egg masses with fewer, smaller eggs, as com¬ 
pared to oak diets. Field collections corroborate the lab¬ 
oratory studies, indicating that larvae feeding on different 
foliage types produce egg masses with variable numbers and mean 
sizes. Significantly, certain diets (e.g. birch and white pine) 
other than oak, which is usually considered most likely to fav¬ 
or high gypsy moth population levels, produce highlyfecund fe¬ 
males that deposit very large eggs. Diet seems to be a major 
factor responsible for shifts in egg size, and hence, qualita¬ 
tive characteristics of the population. 
Egg size is largely determined by yolk (vitellogenin) 
content. Serological studies demonstrate the presence of 
greater quantities of yolk in large eggs than small. High 
temperatures induce the depletion of yolk during embryonation 
and immediately preeeeding eclosion, but not during diapause. 
We suggest that large-eggs may be converted to the equivalent 
of small eggs by the depletion process, possibly resulting in 
the inducement of physiology and behavior normally associated 
with larvae from small eggs in larvae from large, depleted 
eggs. This conversion could have profound erfects on the 
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population biology of the gypsy moth. 
While shifts in mean egg size have readily discernible 
consequences on the quality of gypsy moth populations, the 
importance of changes in egg number, even in the absence of 
shifts in egg size, should not be underestimated. If a fac¬ 
tor that induces change in egg number/mass (for example, 
crowding) decreases egg production, then the absolute num¬ 
bers of larvae hatching from large and small eggs will be 
affected. Both the numbers of resident and dispersant gypsy 
moths will be altered, and the population levels will respond 
accordingly. 
Effective management of gypsy moth populations requires 
the ability to accurately monitor numerical trends. This 
ability is a function of comprehensive study of key factors 
regulating fecundity and survival of populations. Shift in 
population quality may be such a key factor, as it can exert 
significant influences on numerical levels. Quality should 
be incorporated into predictive models of gypsy moth popula¬ 
tion dynamics. 
VIII. APPENDIX 
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I. Determination of protein content of yolk. 
1. unembryonated eggs dehaired and triturated in Tris 
.25 M HCL - NaCl buffer (pH 8.5) 
2. use tissue homogenizer in ice water 
3. sonify for 10 - 15 sec 
4. centrifuge at 0°C for 10 minutes at 10,000 RPM 
5. green or yellow-green vitellogenin pipetted from 
centrifuge tube and used for E260/E280 (see No. 6) 
or Biuret (see No. 7) 
6a. yolk appropriately diluted to make E260/E280 reading 
with spectrophotometer 
6b. make reading with UV setting, dilution factor should 
be 1/10 to 1/100 for gypsy moth eggs 
6c. formula for deriving yolk (protein) concentration, 
where .c = mg/ml: 
c = 1.21 (280 reading) -0.27 (260 reading) 
multiply by dilution factor 
7a. to 1 ml of protein solution containing 1 to 10 mg 
protein add 4 ml biuret reagent and mix well 
7b. allow to stand at room temperature for 30 minutes 
7c. read in colorimeter at 540 (VIS), compare to standard 
curve constructed with bovine albumin 
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II. Production of antisera 
1. 1 ml injections given to rabbits containing equal 
amounts of yolk or yolk 4- PBS and Freund^s adjuvant 
2. inject subcutaneously to shaved and cleansed area 
behind head with 18 gauge needle, 3 injections 
(1 week apart) each containing 5-10 mg protein 
3. 0.1 ml injected intravenously to ear with 26 gauge 
needle, 2 injections (2 days apart), each containing 
20 mg protein 
4. ear shaved as above, but swabbed with xylene to 
dialate bipod vessels for intravenous injections 
5. blood collected 10 days later by making an incision 
into the marginal vein of the ear with a scalpel 
6. about 30 ml allowed to drip into centrifuge tube 
7. blood allowed to stand at room temperature for 3 
hours 
8. tube ringed with applicator stick and clot removed 
9. centrifuge at 0°, 12,000 RPM for 15 minutes 
10. add a few crystals of sodium azide to supernatant 
and store in refrigerator 
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III. Biuret Reagent 
1. to 500 ml deionized H20, add 1.5 g cupric sulfate 
.5 H2O and 6 g sodium potassium tartrate 
2. add with swirling 300 ml 10% NaOH 
3. make up to 1 liter 
IV. Phosphate buffered saline (PBS) 
1. to a almost 1 liter of distilled water add about 30 g 
NaOH crystals, 136g KH2PO4, and 90 g NaCl 
2. adjust to pH 7 with 6 m NaOH 
✓ 
3. bring up to 1 liter, filter out precipitate 
4. concentration is lOx 
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V. Double diffusion reaction of oocyte antisera (AS) or 
absorbed antisera (AAS)-1 2- with male ( d*) or female / ?) 
pupal hemolymph and oocyte fluid (y ) at 48 hours. 
V o 
No. 1 
<? o 
O 
v o 
No. 2 
/ o 
O AA& 
No. 3 
No. 4 
$ o 
^ o 
v o 
%. o 
O /Is 
1 absorbed with 10% male hemolymph 
2 for interpretation see: Rabat, E.A., 1968. Structural 
Concepts in Immunology and Immunochemistry. Hoit, 
Rinehart ana Winston, N.Y. 310pp. 
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VI. Band position and antigen and antibody concentration at 
48 hours. Undiluted antigen equivalent to 14mg/ml. 
BAND #1, CAROTENOID PROTEIN, k values 
Antiserum 
dilution 
Antigen dilution 
1 1:2 1:4 1:8 1:16 1:32 1:64 
1 .041 .030 .016 .012 .014 
1:2 .043 .041 .030 .014 .010 
1:4 .055 .051 .041 .032 .020 .006 
1:8 .061 .061 .053 .047 .041 .024 .004 
BAND #2, VITELLOGENIN, k values 
_Antigen dilution 
Antiserum 
Dilution 1 1:2 1:4 1:8 1:16 1:32 1: 64 1:128 
1 . 066 .045 .041 .032 .016 
1:2 .070 . 066 .047 .041 .034 .020 .002 
1:4 .080 .076 .068 .061 .049 .030 .018 .002 
1:8 .082 .086 .076 .070 . 066 .051 .028 .020 
o 
95 
VII. Preparation of Oudin tubes 
1. 3% ion agar blocks stored in refrigerator 
(covered) in distilled H2O, 0.2% sodium azide 
added as preservative 
2. add a few blocks to test tube, drain off 1L0 
and melt (do not boil) z 
3. keep melted agar in H2O bath at 46°C 
4. warm everything used in bath i.e. agar, pipettes, 
antisera, PBS 
5. use tubes that have been precoated with 0.27> ion 
agar (pipette in and out, let dry for 48 hours) 
dilute 3% agar blocks to 0. 5%, using ratio below: 
Tube Agar Antisera PBS PBS Dilution 
1 100 X 100 x 0 A. 400 A. 1 
2 100 100 100 400 1:2 
3 100 100 100 400 1:4 
4 100 100 100 400 1:8 
etc. 
7. pipette antisera dilution from above into small¬ 
bore glass tube, allow to solidify 
8. layer on antigen 
9. layer on mineral oil, incubate horizontally in 
refrigerator 
) 
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